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(54) Fluorescent substances 

(57) The present invention provides a fluorescent substance which is represented by a formula: A-B-C 
wherein 

A is a residue of natural or synthetic nucleotide, oligonucleotide, polynucleotide, or derivative thereof, and binds 
to B at a base moiety in said residue, or A is a residue of avidin or streptavidin; 
B is a divalent linking group or a single bond; and 

C is a monovalent group derived from a general formula (I) and binds to B at a reactive group present in or R^; 
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wherein and R2 each independently represent an alkyi group that may be substituted with a reactive group 
capable of covalently bonding to A-B-; R^, R4, rs^ and R6 each independently represent an alkyI group, and R3 
and R4. and/or R^ and R^ may bind to each other to form a saturated carbon-ring together with a cart>on atom(s) 
to which they bind; V^ V2^ v3, V^, v^, v^. and V^o each independently represent a hydrogen atom or a 

monovalent substituent, and two adjacent groups thereof may bind to form a ring; L^ L^ and L^ represent a 
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substituted or unsubstituted methine group; each of m, n, s, and t represents 0 or 1, provided that m + n = 1 and 
s -I- 1 = 1 ; p represents 1 , 2, or 3; M represents a counter ion; and q represents a number required to neutralize the 
charge of a molecule. The fluorescent substance of the present invention is useful as a labeling substance for 
nucleic acids, or as a reagent for analyzing biological components such as nucleic acids, proteins or sugars. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a fluorescent substance using azamethine compounds which are useful as 
fluorescent labeling reagents and to its use. More particularly, the present invention relates to fluorescent nucleotides 
and fluorescent avidin using azamethine compounds, and uses thereof. 

BACK GROUND OF THE INVENTION 

[0002] One of the most frequently used molecular biological techniques for detecting homologous nucleic acid se- 
quences is DNA/DNA. RNA/RNA or RNA/DNA hybridization. In this technique, nucleic add (DNA or RNA) used as a 
probe is labeled, and the labeled nucleic acid is hybridized to a nucleic acid (DNA or RNA) to be detected. When the 
nucleic acid used as a probe has a homology to the nucleic acid to be detected, each single-stranded nucleic acid 
hybridizes to its complementary sequence so as to form a double-stranded sequence, and then the double-stranded 
sequence is detected by a label of the probe. 

[0003] Conventionally, when nucleic acid is used as a probe, a technique of labeling the probe with radioisotope has 
been employed and the presence of hybridization between the probe and a target nucleic acid has been detected using 
autoradiography. 

[0004] Although the techniques using radioisotopes for labeling a gene probe is especially superior in its high sen- 
sitivity, there exist such problems that the handling of radioisotopes is complicated because safety of the laboratory 
must be ensured and special care must be taken in the disposal of radioactive wastes. Moreover, radioisotopes can 
be used only for a limited time because they have a half-life period. 

[0005] Therefore, non-radioactive labeling techniques have been developed as more simple techniques. For exam- 
ple, techniques of labeling a gene probe with biotin molecules (European Patent No. 0 063 879) or with digoxigenin 
molecules (European Patent Application No. 0 324 474 A1) are known. After hybridization of a labeled nucleic acid 
probe to the nucleic acid sequence to be detected, biotin molecules or digoxigenin molecules are present In the resulting 
double-stranded nucleic acid. After hybridization, binding of (strept)avidin-martcer enzyme complex or anli-digoxigenin 
antibody-mari<er enzyme complex to the resultant double-stranded nucleic acid sequence alk>ws detection of nucleic 
acids to which the probes was hybridized. However, such detection methods using enzymes are disadvantageous in 
terms of sensitivity and specificity. 

[0006] Other than the above techniques, various techniques of labeling a target substance with fluorescent dye have 
been studied. For example, a desired fluorescent labeling reagent (1 ) possesses a high fluorescent quantum yield, (2) 
possesses a high molecular extinction coefficient. (3) is water-soluble and does not self-quench by agglutinating in an 
aqueous solvent, (4) is not susceptible to hydrolysis, (5) does not photo-dissociate easily. (6) is not susceptible to 
background fluorescence, and (7) has a previously introduced reactive substituent which fomis covalent bonding with 
a target substance. 

[0007] Fluorescein isothiocyanate (FITC) and riiodamine isothiocyanate, which are well-known as fluorescent labe- 
ling reagents, possess high fluorescent quantum yields, but have drawbacks such that the molecular extinction coef- 
ficients is low and the excitation and luminous wavelength is 500 nm to 600 nm and therefore these reagents are 
susceptible to the influence of background fluorescence of a membrane used for blotting. 

[0008] As dyes having a high molecular extinction coefficient, polymethine dyes are known such as cyanlne dye 
described in US Patent No. 5,486,616, Japanese Patent Application Laid-Open Nos. 2-191674, 5-287209, 5-287266, 
8-47400. 9-127115, 7-145148 and 6-222059, and barbiturate oxonol described in Joumal of Fluorescence, 5, 231, 
1995. However, there exist some problems such that they are almost insoluble in water and if they are dissolved, 
hydrolysis occurs. Also, strong intermolecular interactions between dyes can cause fomiation of aggregates in an 
aqu e,o»s. mediu m so- that sett-quenching- of-ttuofescence i&c^n^ obseiveck 

[0009] Moreover, cyanine dyes described in Japanese Patent Application Laid Open No. 2-191674 and the like are 
superior dyes because they have water-solubility due to Introduction of a sulfonic acid group into a relatively stable 
chromophore and the formation of aggregates is prevented. However, its fluorescent quantum yield Is not sufficiently 
high and synthesis of the dye is difficult due to the introduction of a sulfonic acid group. Under such circumstances, it 
has been required to develop a fluorescent dye which has a strong fluorescence as well as a high water-solubility and 
stability enough to cause no quenching of fluorescence due to aggregation. 

[0010] Another example of a frame dye with high fluorescence intensity is azaindoleninecyanin dye described in GB 
Patent No. 870.753. However, applicability of this azaindoleninecyanin dye as a fluorescent labeling reagent remains 
unknown because in this patent application, there is no description as to essential features of a fluorescent labeling 
reagent, such as water-solubility, cohesiveness and solution stability, and there is no examples of introduction of a 
reactive substituent which causes covalent bonding with a target substance. Moreover, examples of appfication of 
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azalndoleninecyanin to photographic use are shown in Japanese Patent Application Laid Open Nos. 4-358143, 
3-135553. 1-280750 and European Patent No. 341958. These examples utilize absorbance characteristics of azaln- 
doleninecyanin, but do not focused its luminescent characteristics and do not positively utilize it. 

SUMMARY OF THE INVENTION 

[0011] The object to be solved by the invention is to overcome the abovementloned problems of the conventional 
techniques. The object to be solved by the present invention is to provide a novel fluorescent nucleotide which is useful 
in labeling nucleic acid, and a novel fluorescent avidin which is useful in analyzing biological components such as 
nucleic acids, proteins or sugars. 

[0012] Having conducted intensive study to solve the above described problems, the present inventors formed a 
complex of a nucleotide and a recently developed fluorescent labeling reagent, i.e. an azamethine compound, and 
labeled and detected nucleic acids using this complex. As a result, the inventors have found that the complex Is superior 
in the ratio of uptake into nucleic acids and the fluorescent intensity in the detection. Furthemnore, the present inventors 
formed a conjugate of a streptavidin and an azamethine compound, and detected biotin-labeled nucleic acids using 
the conjugate. As a result, the inventors found that the fluorescence Is detected in an intensity which depends on the 
level of nucleic acid. The present invention has been completed on the t>asis of these findings. 
[0013] According to the present invention, there Is provided a fluorescent substance which is represented by a for- 
mula: A- B- C 

wherein A is a residue of natural or synthetic nucleotide, oligonucleotide, polynucleotide, or derivative thereof, and 
binds to B at a base moiety in said residue, or A is a residue of avidin or streptavidin; 

B is a divalent linking group or a single bond; and 

C is a monovalent group derived from a general formula (I) and binds to B at a reactive group present in or R^: 




wherein R^ and R^ each independently represent an alkyi group that may be substituted with a reactive group capable 
of covalently bonding to A-B-; R3 R4. RS and R^ each independently represent an alkyI group, and R3 and R^ and/ 
or R5 and R^ may bind to each other to form a saturated cartK>n-ring together with a cariion atom(s) to which they bind; 

V2, V3^ v^. V5, v7, V^. and V^o each Independently represent a hydrogen atom or a monovalent substituent. 
and two adjacent groups thereof may bind to form a ring; , L^, and represent a substituted or unsubstituted methine 
group; each of m, n, s, and t represents 0 or 1 , provided that m + n = 1 and s + 1 = 1 ; p represents 1 , 2, or 3; M represents 
a counter Ion; and q represents a number required to neutralize the charge of a molecule. 

[0014] Preferably, at least one of R^ and R^ is an alkyi group substituted with an active ester group capable of 
covalently bonding to an amiru) group, a hydroxyl group or a thiol group which is present In the group represented by 
A-a-. 

[0015] Preferably, at least one of R^ and R^ is an alkyl group substituted with a carboxyf group. 

[0016] Preferably, A is a residue of natural or synthetic nucleotide, oligonucleotide, or polynucleotide or derivative 

thereof. 

[0017] Preferably, A is a residue of nucleotide or derivative thereof. 

[0018] Preferably, A is a residue of natural or synthetic nucleotide or derivative thereof, which are selected from the 
group consisting of (1) nucleotides consisting of AMP. ADP, ATP, GMP, GDP. GTP, CMP, CDP. OTP, UMP, UDP UTP, 
TMP, TDP, TTP, 2-Me-AMP, 2-Me-ADP, 2-Mc-ATP. 1-Me-GMP. 1-Me-GDP, 1-Me-GTP, 5-Me-CMP, 5-Me-CDP. 5-Me- 
CTP, 5-McO-CMP, 5-MeO-CDP, and 5-MeO-CTP; (2) deoxynudeotides and dideoxynucleotides corresponding to said 
nucleotides; and (3) derivatives derived from said nucleotides as described in (1) and (2). 
[0019] Preferably, A is a residue of avidin or streptavidin. 

[0020] Preferably, B is a linking group selected from -CHg-, -GH=CH-. -C. C-, -CO-, -0-, -S-, -NH- or combinations 
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thereof, wherein a hydrogen atom on the linking group may be further substituted with a substituent. 
[0021] Preferably, B is an amtnoallyl group. 

[0022] According to another aspect of the present invention, there is provided a process of preparing fluorescence- 
labeled nucleic adds which comprises the step of conducting a reaction of the synthesis of nucleic acid by using nucleic 
acid synthetase, a nucleic acid as a template, and the fluorescent substance of the invention, 
[0023] Preferably, the reaction of the synthesis of nucleic acid is a reaction selected from the group consisting of a 
reverse transcription reaction, a terminal transferase reaction, a random prime method, a PGR method, and a nick- 
translation method. 

[0024] According to further another aspect of the present invention, there is provided a nucleic acid probe or primer 
which is labeled with the fluorescent substance according to the invention. 

[0025] According to still further another aspect of the present invention, there is provided a diagnostic agent or a 
reagent for detecting nucleic acids, which comprises the fluorescent substance according to the invention. 
[0026] According to still further another aspect of the present invention, there is provided a kit for detecting nucleic 
acids, which comprises (1 ) the fluorescent substance according to the invention, (2) a nucleic acid synthetase, and (3) 
a buffer. 

[0027] According to still further another aspect of the present invention, there is provided an analytical reagent or a 
diagnostic agent consisting of the fluorescent substance according to the invention. 

[0028] According to still further another aspect of the present invention, there is provided an analytical kit. which 
comprises (1) the fluorescent substance according to the invention, and (2) biotin or a biotin-labeled substance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] Figure 1 shows the results of detection of biotinylated DNA using fluorescent streptavidin of the present in- 
vention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0030] Embodiments and practices of the present invention will now be described in more detail. 
1. Fluorescent Substance of the Invention 

[0031] The present invention relates to a fluorescent substance represented by a formula: A-B-C. 

[0032] In the above formula, A represents a residue of natural or synthetic nucleotide, oligonucleotide, polynucleotide 

or derivative thereof; or A represents a residue of avidin or streptavidin. 

[0033] The natural or synthetic nucleotides include, but are not limited to, a residue of natural or synthetic nucleotide, 
or derivative thereof, which are selected from the group consisting of :(1) nucleotides consisting of AMP, ADP, ATP, 
GMP, GDP, GTP. CMP. COP, CTP, UMP. UDP UTP. TMP, TDP. TTP. 2-Me-AMP. 2-Me-ADP. 2-Me-ATP. 1-Me-GMP. 
1-Me-GDP. 1-Me-GTP, 5-Me-CMP. 5-Me-CDP. 5-Me-CTP, 5-MeO-CMP, 5-MeO-CDP, and 5-MeO-CTP, (2) deoxynu- 
cleotides and dideoxynucleotides corresponding to the aforementioned nucleotides; and (3) derivatives derived from 
the nucleotides as described in (1) and (2). Examples of the natural or synthetic nucleotide include, but are not limited 
to. ATP, CTP. GTP. TTP, UTP. dATP. dCTP. dGTP, dTTP dUTP, ddATP, ddCTP. ddGTP. ddTTP. ddUTP. or the derivatives 
thereof. 

[0034] The oligonucleotide is obtained by polymerization of about 1 to 50, preferably 1 to 30. more prieferably 1 to 
20 nucleotides or derivatives thereof as described above. Each nucleotide of the constitutive unit may be identical or 
different. The polynucleotide is a polymer obtained by polymerization of a lot of nucleotides or derivatives thereof as 
described above, and its size (or length) may be, but is not specifk^ally limited to. several base pairs (bp) to several 
kbp^as the ruimber of bases. 

[0035] Where A represents a residue of natural or synthetic nucleotide, oligonucleotide, polynucleotide, or derivative 
thereof, A binds to B at a base moiety in the nucleotide residue. Examples of the base moiety of the nucleotide residue 
include purine derivatives and pyrimidine derivatives. In a purine base, the binding site for the linking group B is not 
specifically limited as long as it is other than 9-ppsition for binding to a sugar component. For example, where tiie 
purine base is adenine, the binding site for the linking group B can be 2- or 8-position. or an amino group present at 
position 6; where tiie purine base is guanine, the binding site can be position 1 or 8. or an amino group present at 
position 2. In a pyrimidine base, a binding site for the linking group B Is not specifically limited as long as it is other 
than 1 -position for binding to a sugar component For example, where the pyrimidine base is cytostne, the binding site 
can be 5- or 6-position. or an amino group present at 4-position; where the pyrimidine base is thymine, the binding site 
can be 3- or 6-position, or a methyl group present at position 5; and where the pyrimidine base is uracil, the binding 
site for the linking group B can be Sr, 5- or 6-position. 
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[0036] A may represent a residue of avidin or streptavidin. Avidin or streptavidine is a protein molecule having a 
molecular weight of about 60 kDa. When A represents a residue of avidin or streptavidine. the position at which A binds 
to a group represented by -B-C is not limited, and A can bind to -B-C at a free amino or carboxyl group on the end of 
the protein molecule, or at an amino group, a carboxyl group, or a hydroxyl group present on the constitutive amino 
acids of the protein. A linking group containing an appropriate reactive group may be previously introduced in avidin 
or streptavidin and the linking group may be bound to the compounds represented by general formula (I) as described 
below. 

[0037] In the above formula, 8 represents a linking group or a single bond. When A represents a residue of avidin 
or streptavidin, B is preferably a single bond. 

[0038] Types of the linking group are not specifically limited so far as they do not largely affect the characteristrcs of 
the fluorescent substance of the present invention (for example, stability of the fluorescent substance as a compound, 
water-solubility, uptake ratio by nucleic acid, fluorescence intensity and the like). A person skilled in the art can appro- 
priately select a divalent linking group suitable for linking a nucleotide or avidin moiety represented by A with a fluo- 
rescent compound component represented by C. 

[0039] In general, the linking group B is a linking group selected from -CHg-, -CH=CH-, -C. -CO-. -0-, -S-. -NH- 
or combinations thereof, in which a hydrogen atom on the linking group may further be substituted with any substituent. 
The number of carbons contained in the backbone of the linking group is not specifically limited. Generally the number 
of carbons ranges from 1 to 50. preferably 1 to 20, more preferably 1 to 10, most preferably 1 to 5. 
[0040] In the above formula. C is a monovalent group derived from the formula (I) below, and binds to B at a reactive 
group present in or R2. 




(I) 



wherein and R2 each independently represent an alkyi group which may be substituted with a reactive group capable 
of covalently bonding to A-B-; R^ R^, R5^ and R^ each independently represent an alkyI group, or R^ and R^ and/or 
RS and R^ may bind to each other to form a saturated carbon-ring together with a carit3on atom(s) to which they bind; 
V\ V2, v^, V4, V®, v9 and V^o each independently represent a hydrogen atom or a monovalent substituent, 
and two adjacent groups thereof may bind to fonn a ring; , L^, and represent a substituted or unsubstituted methine 
group; each of m, n, s. and t represents 0 or 1, provided that m + n = 1 and s + 1 = 1; p represents 1, 2. or 3; M 
represents a counter ion; and q represents a number required to neutralize the charge of a molecule. 
[0041] As used herein, an alkyI moiety of an alkyl group or a substitutent containing an alkyl moiety such as an alkoxyl 
group, may be straight chain, branched chain, ring chain or a combination thereof, and contain about 1 to 20 carbon 
atoms unless othenA^ise specified. Alkyi groups represented by R^ and R^ may be identical or different. Examples of 
such alkyl groups include a methyl group, an ethyl group, a propyl group, an isopropyl group, a cydopropyl group, a 
n-butyl group, a sec-butyl group, a tert-butyl group, a cyclopropylmethyl group, a n-pentyl group, a n-hexyl group, and 
a (^clohexyl group. Alkyi groups, represented by R? andEg may bane ope ocroate siibstitiients at any position oa.tha> 
all^ chains. When the alkyl group contains two or more substituents, the substituents may be kJentical or different. 
[0042] The types of the substituents on the alkyl groups represented by R^ and R2 are not specifically limited. It is 
preferred that a reactive substituent capable of forming covalent bond, ion bond, hydrogen bond and the like with a 
substance to be labeled, is incorporated in order to introduce a compound of the general formula (I) as a fluorescent 
label into a substance to be labeled including a nucleotide, avidin or streptavidin. The term "reactive substituent" as 
used herein means a sut>stituent having the above characteristics. 

[0043] Examples of reactive substituents which can be incorporated into each of the alkyl groups represented by R^ 
and R^ include a succinimidyl ester group, a halogen-substituted toriazlnyl group, a halogen-substituted pyrimidinyl 
group, a sulfonyl halide group, an . -haloacetyl group, a maleimidyl group, and an aziridinyl group. In addition to these 
reactive substituents, examples of the reactive substituents further include a halogen atom (the temi "halogen atom" 
used herein may be any of a fluorine atom, a chlorine atom, a bromine atom, and an iodine atom), mercapto group, 
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cyano group, nitro group, a cafboxyl group, a phosphoric acid group, a sulfo group, a hydroxy! group, an amino group, 
an isothiocyanate group, an isocyanate group, an alkoxyl group having carbon numbers of 1 to 8 (e.g., a methoxy 
group and an ethoxy group), an aryloxy group having carbon numbers of 6 to 20 (e.g.. a phenoxy group, and a naphthoxy 
group), an alkoxycarbonyt group having carbon numbers of 2 to 10 (e.g., a methoxycarbonyl group, and an ethoxycar- 
bonyl group), an aryloxycarbonyl group having carbon numbers of 6 to 20 (e.g., a phenoxycarbonyl group), an acyl 
group having carbon numbers of 2 to 10 (e.g., an acetyl group and a pivaloyi group), an acyloxy group having carbon 
numbers of 2 to 8 (e.g., an acetyloxy group and a benzoyloxy group), an acylamino group having carbon numbers of 
2 to 8 (e.g., an acetyfamino group), a suifonyl group having carbon numbers of 1 to 8 (e.g., a methanesulfonyl group, 
an ethanesulfonyl group, and a benzenesuifonyt group), a sulfinyl group having carbon numbers of 1 to 20 (e.g., a 
methanesulfinyl group, an ethanesulfinyl group, and a benzenesulfinyl group), a sulfonytamino group having carbon 
numbers of 1 to 8 (e.g.. a methanesuifonylamino group, an ethansulfonylamino group, and a benzenesulfonylamino 
group), a carbamoyl group having carbon numbers of 1 to 10 (e.g., a carbamoyl group, a methylcarbamoyi group, and 
a morphollnocarbamoyi group), a substituted amino group having carbon numbers of 1 to 20 (e.g., a methylamino 
group, a dimethy] amino group, a benzyl amino group, an anilino group, and a diphenytamino group), a sulfamoyt group 
having carbon numbers of 2 to 10 (e.g., a methylsulfamoyi group, an ethytsulfamoyi group, and a piperidinosulfamoyi 
group), an ammonium group having carbon numbers of 0 to 15 (e.g., a trimethylammontum group, and a triethylam- 
montum group), a hydrazino group having carbon numbers of 0 to 15 (e.g., a trimethylhydrazino group), an ureido 
group having carbon numt>ers of 1 to 15 (e.g., an ureido group, and a N, N-dimehylureido group), an imide group 
having carbon numbers of 1 to 15 (e.g., a succinimide group), an alkylthio group having carbon numbers of 1 to 20 (e. 
g., a methylthio group, and an ethylthio group), an arylthio group having the carbon numbers of 6 to 20 (e.g., a phenylthio 
group, a p-methylphenylthio group, a p-chiorophenylthio group, a 2-pyridylthio group, and a naphthylthio group), a 
substituted or unsubstituted heterocyclic group having the carbon numbers of 1 to 20 (e.g., a pyridyl group, a 5-meth- 
ytpyridyl group, a thienyl group, a furyl groups, a morpholino group, a tetrahydrofuryl groups, and a 2-pyrady1 group), 
an unsaturated car1x>hydrate group having carbon numbers of 2 to 18 (e.g., a vinyl group, an ethynyl group, a 1-cy- 
clohexenyl group, a benzylydine group, and a benzylidene group), a saturated or unsaturated aryl group having carbon 
numbers of 6 to 20 (e.g., a phenyl group, a 4-sulfophenyl group, a 2,5-disulfophenyl group, a 4-carboxyphenyl group, 
and a naphthyl group), and an alkyi group having carbon numbers of 1 to 20 (e.g.. a methyl group, an ethyl group, and 
a propyl group). 

[0044] Preferred examples of and include an alkyI group having carbon numbers of 1 to 1 5 which is substituted 
with a carboxyl group, an isothiocyanate group, a succinimidyl ester group, a suifonyl halide group, an -baloacetyl 
group, or a malcimidyt group; and an arylalkyi group having carbon numbers of 7 to 20 which is substituted with a 
carboxyl group, an isothiocyanate group, a succinimidyl ester group, a suifonyl halide group, an . -haloacetyl group, 
or a maleimidyt group. More preferred examples of and R^ include an alkyi group having carbon numbers of 1 to 
10 which is substituted with a cart)oxy1 group, an isothiocyanate group, or a succinimidyl ester group. 
[0045] Examples of R^, R^, R^ and R® include an alkyI group having carbon numbers of 1 to 20, and the alky! group 
may contain any substituents illustrated in the examples of R^ and R2 (preferably, reactive substituents are excluded) 
at any position. Moreover R^ and R^ may bind to each other to form a saturated carbon-ring, and R^ and Ffi may bind 
to each other to form a saturated carbon ring. Such saturated carbon-rings are 3- to 8-membered rings, preferably. 5- 
or 6-membered rings. On the carbon ring, one or more substituents such as aikyi groups may be present. Examples 
of R3, R\ R5 and R^ include preferably alkyI groups having cart>on numbers of 1 to 6, more preferably, 1 to 3. 
[0046] V2, V3, V5, V^, V^, V^, \fl and V^® each Independently represent a hydrogen atom or a monovalent 
substituent. Types of substituents represented by V^ V^, V3^ v"*, V^, V^, V^, V^, and V^^ are not specifically limited 
and may be identical or different. Examples of these substituents include those illustrated as the substituentes on the 
alkyI groups represented by R^ and R2 (including reactive substituents). 

[0047] Two groups of V^, V^, V^. V^. V^. v^. V^, and V^o, which are adjacent to each other, may be taken 
together to form a saturated or unsaturated ring. Examples of the formed rings include 5- to 7-membered rings. Con- 
densed aromatic ring may be formed as an unsaturated ring. The unsalut^tedring-roay-contain^a hetero-£rtom(s^ sueh^ 
as oxygen atom, nitrogen atom, and sulfur atom. At any position on the formed ring, one or more of the substituents 
illustrated as those on the alkyI groups represented by R^ and R^, or an alkyI group may be substituted. 
[0048] Preferred examples of V^, v3^ V^. V^, V8, and V^o include a hydrogen atom, an alkyI group 

having carbon numbers of 1 to 6 (in which the substituents including reactive substituents, as illustrated as those on 
the alkyl groups represented by R^ and R^ may be substituted at any position), an aryl group having cartx>n numbers 
of 6 to 20 (in which the substituents including reactive suk}stituents, as illustrated as those on the alkyt groups repre- 
sented by R^ and R^, may be present at any position), a halogen atom, a thioalkyi group having cart>on numbers of 1 
to 10, an alkylsulfon group having cari3on numbers of 1 to 10. a phosphoric acid group, a carboxyl group, a sulfo group, 
an alkoxy group having cartK>n numbers of 1 to 10, a substituted amino group, an isothiocyanate group, an isocyanate 
group, a succinimidyl ester group, a halogen-substituted triazinyl group, a halogen-substituted pyrimidinyl group, a 
suifonyl halide group, an -haloacetyl group, a maleimidyl group, and an aziridinyl group. 
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[0049] More preferred are hydrogen atom, a halogen atom, an aryl group having carbon numt>ers of 8 to 20 (which 
may be substituted with an isothiocyanate group, an isocyanate group, a succinimidyl ester group, a carboxyl group 
or a sulfo group), a sulfo group, a alkoxy group having cart>on numbers of 1 to 10 (which may be substituted with an 
isothiocyanate group, an isocyanate group, a sucdnimidyl ester group, a carboxyl group or a sulfo group), an alkylthio 
group having carbon numbers of 1 to 10 (which may be substituted with an isothiocyanate group, an isocyanate group, 
a succinimidyl ester group, a carboxyl group or a sulfo group), an isothiocyanate group, a succinimidyl ester group, a 
sulfonyl halide group, an . -haloacetyl group, and a maleimidyl group. 

[0050] L^, and each independently represent a substituted or unsubstituted methine group. The number, po- 
sition, and type of the substituent on the methine group are not specifically limited, and two or more substituents where 
present, may be identical or different. Exantptes of the substituents include a substituted or unsubstituted alkyl group 
having carbon numbers of 1 to 15, preferably 1 to 10. and more preferably 1 to 5 (e.g., a methyl group, an ethyl group, 
and a carboxyethyl group), a substituted or unsubstituted aryl group having carbon numbers of 6 to 30, preferably 6 
to 20, more preferably 6 to 15 (e.g., a phenyl group, and an o-carboxyphenyl group), a substituted or unsubstituted 
hetero-cyclic ring group having carbon numbers of 3 to 20, preferably 4 to 15. more preferably 6 to 10 (e.g., a N, N- 
dimethyl barbiturate group), a halogen atom, an alkoxy group with carbon numbers of 1 to 20. preferably 1 to 1 5, more 
preferably 1 to 10 (e.g.. a methoxy group, and an ethoxy group), an amino group having carbon numk>ers of 0 to 20, 
preferably 2 to 15, more preferably 4 to 15 (e.g., a methyl amino group, a dimethyl amino group, a N-methyl-N-phe- 
nylamino group, and a N-methyl piperazino group), an alkylthio group having carbon numbers of 1 to 15, preferably 1 
to 10, more preferably 1 to 8 (e.g., a methylthio group, and an ethylthio group), and an arylthio group having cartjon 
numbers of 6 to 20. preferably 6 to 18, more preferably 6 to 15 (e.g.. a phenylthio group, and a p-methylthio group). 
Two of these substituents to be present on L^, and may combine together to form a ring. For example, two of 
these substituents which are present on L^ L2, and may combine together to be an alkylene chain having carbon 
numbers of 2 or 3 and form a ring. 

[0051] p represents 1. 2, or 3, and preferably 1 or 2, The case when p is 1 is most preferred because in this case 
excitation efficiency upon excitation with a semiconductor laser or helium neon laser (excitation wavelength: 630 to 
650 nm) becomes very high. Each of m, n, s. or t represents 0 or 1 and satisfies the conditions of m + n = 1 and s + 1 = 1 . 
[0052] lA represents a counter ion and may be a positive or negative ion. The positive ions may be either an inorganic 
positive ion or organic positive ion. and may be. for example, alkali metal ions including a sodium ion. potassium ion 
and lithium ton, and organic ions including a tetralkylammonium ion, and pyridinium ion. The negative ion may be either 
inorganic negative or organic negative Ion, and may be a halogenide negative ion (e.g.. fluoride ion, chloride ion, 
bromide ion, and iodide ion), a substituted arylsulfonate ion (e.g., p-toluenesulfonate ion, and p-ch!orobenzenesulfonate 
ton), an aryldisulfonate ion (e.g., 1,3-benzenedisulfonate Ion, and 1,5-naphthalenedisulfonate ion), an alkylsulfate ion 
(e.g., methylsulfate k)n), a sulfate ion, a thiocyanate ion, a perchlorate ion, a tetrafluoroborate Ion, a picrate ion, an 
acetate ion, and a trifluoromethanesulfonate ion. M may be a hydrogen ion. Preferred examples of counter-ions include 
an ammonium ion. an alkali metal ion, a halogenide negative ion, a substituted arylsulfonate ion, more preferably an 
alkali metal ion, a halogenide negative ion. and a substituted arylsulfonate ion. q represents a number required to 
neutralize the charge of a molecule. When a compound represented by the general formula (I) forms a intramolecular 
counter ion, q may be 0. 

[0053] The compounds of the general formula (1) may have one or more asymmetric cart>ons depending on the types 
of substituents. The scope of the Invention encompasses any stereoisomer including an optical isomer and a diaster- 
eoisomer. mixtures of stereoisomers, and raceniate. 

[0054] Preferable examples of the compound represented by the general formula (I) above are shown below, but 
the scope of the present invention is not limited by the following specific compounds. 
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I - 1 




Na V R H 



H -f-CHzJi-Cgo' Na* 





I ^12 5-Sf CHz^COOK^ J -f-CHz^i-SOa 



1-2 H — CHz-COO 

1-3 H -f-CHajj-COO" 

0 



0 

I - 6 5-Cl -fCHzVcOO" Na* 

0 



»-7 5- CI -fCHz-j^-COOIfJ Clo; 

0 0 

"-8 5-Cl -tCH2-)^CCH2l CIO4" 

1-9 5- SCH3 -f-CHzfe coo" K 

0 

' -to 5-SCH3 -fCHzVCOGNfj ClOr 



0 

I -It 5-S(CH2)5C00' -CH3 Na' 
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Md V R M 

I -13 5-XH3 -fCH2^5<XX3" HN*(C2H5)3 

I -H 5-(h(-CH2-)sCOO" -CH3 Na* 

0 

1-15 5-OfCH2^^N^ -fCHz^^SOa" K* 

0 

I -16 5-SO2CH3 -tCH2^i:00' Na* 

0 

1-17 5-S02CH3 -^Ha-^OONf^ I" 

0 

1-18 5-Ph -f<:H2^00- Na* 

0 

I -19 5-ph -fCHz^OON^ r 

0 

1-20 -fcH2^3-S03' Na* 
1-21 5-^3"^' .-f-CH^tNCS 

1-22 4.5-benzo -(-CHz^COO' H* 

1-23 4.5-benzo -fCHz-Jj-NCS ci' 

I -24 S-NCS -fCHzii'SOs' Na* 
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2 



11^6 5-SfCHz-^COOH S-SCHj -fCHa^j-SOi" -("CHaVsO, 
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H-7 5-GCH3 5-OCH3 -(-CH|)^S03' -CHjCOON 

0 0 

»-8 5-0fCH2)jC00r/^ 5-OCH3 -fCHz^SOj' "fCHz^SOa 

0 
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V, Va R, R2 M 



J[\^ ~^3~S03- -fCHa-^^SO; -ICHa^COOH YC 

OCH3 

-fO -^0~°*^"^ -fCHj-JjSO,- -fCHa-^COOH - 




-^^OCHa -fCHa-Jj-SOa" -fCHa-jjCOOH K* 



coo" — S''"^"'''^^cOO 



-CI -a -fCHz-tCXX)" -(^CHj-JrCOO' Na' 
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H H -fCHz-bCOOH -^CHi-hCQCM Na* 
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[0055] Examples of the process of preparing the typical compounds are described in the Examples of the present 
specification. Referring to the practical explanation given in the Examples, a person skilled in the art can prepare any 
compounds represented by the general formula (I) above by appropriately selecting a starting compound, reaction 
conditions, reagents and the like, and modifying and altering the methods shown in the examples if necessary. It is 
easily understood that the process of preparing the compounds represented by the genera] formula (I) above is not 
specifically limited and compounds prepared by any process can be used in the present invention. The compound 
represented by the general fonmula (I) is also described in Japanese Patent Application No. 11-264845, which is in- 
corporated herein by reference in its entirety. 

[0056] The compound represented by the general formula (I) is used as a fluorescent labeling component in the 
fluorescent sutxstance of the present invention. 

[0057] Various techniques for introducing the compound represented by the general formula (I) as a fluorescent label 
into a nucleotide and avidin or streptavldin are known, and techniques which are available for a skilled person in the 
art can be suitably selected and used. For example, a functional group such as an amino group or a hydroxyl group 
in nucleotide, or an amino group, a carboxyl group^ or s^hydroxyi group In avklirvor slFeptavkfli^may>be difeetly bound-^ 
to a reactive substituent such as a carboxyl group or an active ester group in the compound of the general formula (I) 
via ion bond or covalent bond; or after chemical modification such as incorporation of a linking group (or linker) into a 
part of the nucleotide, avidin or streptavidin, the compound of the general fomiula (I) may be allowed to be reacted, 
[0058] The fluorescent substance obtained after reaction can be purified by general separation techniques, such as 
chromatography, electrophoresis and re-crystallizatlon. 

2. Use of the fluorescent substance of the invention 

[0059] The present invention further relates to the use of the fluorescent substance of the present invention. The 
fluorescent substance of the present invention can be used as fluorescent nucleotides (hereinafter referred to as "flu- 
orescent nucleotide") when A represent a residue of natural or a synthetic nucleotide, oligonucleotide, or polynucle- 



20 



EP 1 106 621 A2 



otide or derivative thereof in the formula: A-B*C; and it can be used as fluorescent avidin (hereinafter referred to as 
fluorescent avidin of the present invention) when A represents the residue of avidin or streptavidin. The term 'fluorescent 
nucleotide" in this specification encompasses all cases when A In the formula A-B-C represents a residue of natural 
or synthetic nucleotide, oligonucleotide, or polynucleotide, or derivative thereof, and the term "fluorescent avidin" in 
this specification encompasses both cases when A in the formula A-B-C represents the residue of avidin or streptavidin. 
The use of the fluorescent nucleotide of the present invention and the fluorescent avidin of the present invention will 
be described below. 

(A) Use of fluorescent nucleotide of the invention 

[0060] The fluorescent nucleotide of the present invention can be used for detecting nucleic acids. 
[0061] When the fluorescent nucleotide of the present Invention Is used for DNA analysis such as detection of nucleic 
acids, the fluorescent nucleotide of the present invention can be incorporated into a probe or a primer by Ruth's tech- 
nique (Jerry L. Ruth, DNA, 3, 123, 1984). The present Invention further provides a process of preparing fluorescence- 
labeled nucleic acids which comprises the step of conducting a reaction of the synthesis of nucleic acid by using nucleic 
acid synthetase, a nucleic add as a template, and the fluorescent nucleotide of the present invention. 
[0062] Examples of nucleic acid synthetase used herein include, but are not limited to, DNA polymerase (any DNA 
polymerase, such as Klenow enzyme, Taq DNA polymerase and the like), RNA polymerase, reverse transcriptase, or 
tenninal transferase. The type of a nucleic acid as a template may be DNA or RNA, and may be natural DNA or RNA, 
recombinant DNA or RNA, or chemically-synthesized DNA or RNA. The reaction of the synthesis of nucleic acid may 
be performed under conditions (e.g., salt concentration, pH, and temperature) suitable for enzymatic reaction using 
template DNA. non-fluorescent nucleotide mixture, the fluorescent nucleotide of the present invention and nucleic acid 
synthetase. These methods of synthesizing nucleic adds are well-known to a person skilled in the art. A person skilled 
in the art can appropriately select substances and reagents according to their purposes for labeling. 
[0063] Various methods can be used to label nudeic adds (DNA or RNA) using the fluorescent nucleotide of the 
present invention. 

[0064] The random prime method Is one of the methods for labeling DNA, wherein a mixture of optionally combined 
hexanucleotlde sequences is used as a primer (I.e., random primer), and the random primer is hybridized to a nucleic 
acid to be labeled. Starting from 3'-OH terminus of this random primer, a strand complementary to the single strand is 
synthesized using DNA polymerase such as Klenow enzyme, or other DNA polymerase. 4 types of deoxyribonucleotide, 
a substrate for DNA polymerase, are introduced into the complementary strand. By using the fluorescent nucleotide 
of the present invention as one type of these deoxyribonudeotide, complementary DNA labeled with the fluorescent 
nucleotide is synthesized. 

[0065] Instead of a random primer, oligo DNA having a specific sequence (specific primer) can be used. The specific 
primer binds to a complementary region in a template DNA, then the synthesis of DNA complementary to the template 
DNA starts from the 3'-OH terminus of the specific primer. As in the case of the random prime method, the fluorescent 
nucleotide of the present invention is Incorporated during the synthesis of complementary DNA, thereby fluorescence- 
labeled complementary DNA is synthesized. 

[0066] Nick translation is a method using the action of DNase I on double-stranded DNA. The action of DNase I 
creates a cleavage site at whtoh the template double-stranded DNA is cut into a single strand. Simultaneously E.coli 
DNA polymerase 1, 4 types of deoxyribonucleotides that are substrates of this enzyme, and the fluorescent nucleotide 
of the present invention are added to the reaction mixture. E.coli DNA polymerase I deaves a 5'-termlnal deoxyribo- 
nucleotide of the cleaved single strand and simultaneously inserts one substrate deoxyriboucleotide at a site adjacent 
to the free 3'-OH terminus. By repeating this process, the cleavage site moves toward the 3' terminus. By containing 
the fluorescent nudeotkie of the present invention in the substrate nudeotide, fluorescent DNA can be synthesized by 
nick translation. 

[0067] To label the 3' terminus of double- or single-stranded DNA.' tenninal' transferase; whk;h ie an* enzyme'to-bind' 
a deoxyribonudeotide or ribonucleotide to the 3*-OH tenminus. can be used. The terminal transferase requires at least 
one type of deoxyribonucleotide or rit>onucleotide as a substrate. By using the fluorescent nucleotide of the present 
invention as a substrate for the terminal transferase, fluorescence-labeled nudeic acids elongating from the 3'-OH 
terminus can be synthesized. 

[0068] Reverse transcription is a reaction to synthesize complementary DNA from a single-stranded RNA. After 
annealing an oligodeoxyribonudeotide as a primer to a complementary portion of RNA, an elongation reaction rs per- 
fonned using reverse transcriptase, thereby synthesizing DNA strand complementary to RNA strand starting form the 
3'-OH terminus of the primer. In this DNA synthesis, four types of deoxyribonucleotides are used as substrates for 
enzymes. The use of the fluorescent nudeotide of the present invention as one of these substrates allows the fluores- 
cent nucleotide to be inserted into elongating DNA strand during reverse transcription so that fluorescence-labeled 
DNA is synthesized. 
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[0069] RNA labeled with the fluorescent nucleotide of the present invention can be synthesized using an enzyme 
that synthesizes RNA from DNA. Such enzymes that synthesize RNA from DNA include RNA polymerase encoded by 
a phage, such as SP6. T3 or T7 RNA polymerase. These enzymes are those for synthesizing double-stranded DNA 
and RNA containing SP6, T3 or T7 promoter, and four types of ribonucleotides are used as substrates. By using the 
fluorescent nucleotide of the present invention as one of the substrates, fluorescence-labeled RNA can be synthesized. 
[0070] Altematively. nucleic acids labeled with the fluorescent nucleotide of the present Invention can be synthesized 
by polymerase chain reaction (PGR). In PGR. nucleic acids to be detected in the biological sample are denatured into 
asingle strand, and two types of primers are annealed to the single-stranded nucleic acids. After annealing, elongation 
reaction is conducted using polymerase (preferably Taq DNA polymerase) and deoxyribonudeotides as enzyme sub- 
strates. Complementary DNA Is synthesized starting from the 3'-OH tenninus of the primer, thereby forming double- 
stranded DNA. By repeating this process. DNA to be detected in the sample can be amplified. By using the fluorescent 
nucleotide of the present invention as one of the substrates during elongation reaction by Taq DNA polymerase, fluo- 
rescence-labeled nucleotides can be amplified. 

[0071] Fluorescent nucleic acids labeled with the fluorescent nucleotide of the present invention prepared as de- 
scribed above can be used as gene prot>es for detecting homologous nucleic add sequences by hybridization. Ruo- 
resoent nudeotide to which a target nucleic acid was hybridized, can easily be detected by measuring the fluorescence 
intensity using a fluorometer. 

[0072] As described above, the fluorescent nudeotide of the present invention is useful as a diagnostic agent or as 
a regent for detecting nucleic adds since the fluorescent nucleotide of the present invention can be used for labeling 
gene probes. 

[0073] When the fluorescent nucleotide of the present invention is used as a diagnostic agent or as a regent for 
detecting nucleic acids, it can be supplied in the form of a reagent composition in combination with one or more types 
of additives. For example, the reagent can be prepared in a desired form such as a solution, using a proper additive 
(s), including a buffer, a solubilizer. a pH modifier, and a presen^ative, A person skilled in the art can appropriately 
seled the form of reagent and the process for the preparation thereof. 

[0074] Furthemiore. the fluorescent nucleotide of the present invention can be supplied in the form of a kit for de- 
tecting nucleic acids, together with an enzyme usable in the above described nucleic acid biosynthetic reaction, a 
buffer, and the like. Types of reagents to be contained in the kit can be appropriately selected according to the purpose 
of the kit. Such reagents may include a mixture of one or more (preferably 4) non-fluorescent nucleotides, purified 
water, or the like, in addition to the fluorescent nucleotide, nuclerc add synthetase, and buffer. The kit can further 
contain random primers, an oligo dT primer, or a specific primer according to purposes. 

(B) Use of the fluorescent avidin of the invention 

[0075] The fluorescent avidin of the present invention can be used to detect biological components such as nucleic 
acids, proteins or sugars. 

[0076] To use the fluorescent avidin of the present invention for DNA analysis such as detection of nucleic adds, for 
example, it is preferred that biotin is previously Incorporated into a probe or primer to be deteded by the fluorescent 
avidin of the invention. When the fluorescent avidin of the present invention is added to a probe or primer having biotin, 
biotin and (strept) avidin couple together to fomn a complex due to the affinity between them. By measuring a fluores- 
cence of the complex, the probe or the primer can be detected. 

[0077] A method for preparing a biotin-labeled probe or a biotin-labeled primer is known to a person skilled in the 
art. For example, biotin-labeled nucleic acids can be synthesized using a biotin-labeled nudeotide (e.g. biotinylated 
dUTP) by a method including a random prime method, a nick translation method and a terminal transferase method, 
or by reverse transcription, polymerase chain readion (PGR) or the like. The biotin-labeled nudeic add so obtained 
can be used as a probe or primer to be deteded by the fluorescent avidin of the invention. 

[0078] Similariy, the fluorescent avidin of the present invention can be used to analyze proteins. For example, biotrrh 
labeled antibody is reacted with a biological sample, then with the fluorescent avidin of the present invention, thereby 
forming a complex between the labeled antibody and the fluorescent avidin of the invention. The presence of the biotin- 
labeled antibody, that is indicative of the presence of a target protein in the biological sample, can be detected by 
measuring the fluorescence of this complex. 

[0079] For example, the presence of cancer cell or cancer tissue can be proved by labeling an anti-tumor antibody 
with biotin, contacting the labeled antibody with tissues or organs, then allowing the produd to be reacted with the 
fluorescent avidin of the present invention. For diagnosis, for example a tissue sedion may be obsen^ed under a 
microscope by fixing it by a proper method such as paraffin method; or the tissue section may be observed with an 
endoscope after immunochemically staining the biological tissue. Recently, various fluorescent imaging methods using 
near infrared ray fluorescent substances have been proposed (e.g.. Japanese Patent Application Laid-Open No. 
9-309845; J. Neurosurg. 87, pp. 738-745. 1997; Medfcal Eledronics and Bioengineering. 34. pp. 316-322. 1996). The 
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fluorescent avidin of the present Invention can be used as a diagnostic agent for fluorescent imaging procedures. 
[0080] Ruorescence of the fluorescent avidin of the present invention to which a biotin-component in a substance 
to be detected (nucleic add. protein or sugar) is bound can be readily detected by measuring the fluorescence intensity 
using a fluoronrteter, 

[0081] As described above, the fluorescent avidin of the present invention is useful as a reagent for analyzing bio- 
logical components. 

[0082] To use the fluorescent avidin of the present invention as an analytical reagent or a diagnostic agent, it can 
be supplied in the fonm of a reagent composition in combination with one or more types of additives. For example, the 
reagent can be prepared in a desired fomi such as a solution, by using an appropriate additive(s). including a buffer, 
a solubilizer, a pH modifier, and a preservative. A person skilled in the art can appropriately select the fomn of reagent 
and the process for the preparation thereof. 

[0083] The fluorescent avidin of the present invention can also be supplied in the form of an analytical kit together 
with biotin or biotin-labeled substances. The type of a reagent to be contained in the kit can be appropriately selected 
according to purposes of the kit. In addition to the fluorescent avidin of the present invention, and biotin or a biotln- 
labeied substance (e.g., a biotin-labeled nucleotide or a biotin-labeled antibody), a primer (e.g.. a random primer, an 
oligo dT primer, and a specific primer), nucleotide mixture, a buffer, purified water or the like can also be used in 
combination depending on purposes of the kit. 

[0084] The present invention Is further described In the following examples. These examples arc provided for illus- 
trative purposes only, and are not intended to limit the scope of the invention. Those skilled in the art will realize that 
various changes, modifications and substitutions of materials and methods described in examples may be made without 
departing from the spirit of the invention. 

EXAMPLES 

[0085] Each of Compounds 1 . 4, 6. 7, 9, 1 0. 1 1 , 1 2. 1 3. 1 4. 1 7 and 1 8 to 22, which were synthesized in the following 
synthesis examples, con-esponds to compounds X-1 , X-4, X-6. X-7. X-9, X-10, X-11. X-12. X-13. X-14, X-17 and X-18 
to X-22 which are illustrated herein as preferred compounds. 

Synthesis example 1: Synthesis of Compound 1 

[0086] The synthesis scheme of Compound 1 is shown below: 




COOCzHs 




NaOH t 
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(Synthesis of Compound lb) 

[0087] Compound la (2.36g, lOmmol) was dissolved in acetone (10ml), ethyl 6-bromohexanoate (3.3g, ISmmol) 
was added thereto, and the mixture was heated under reflux for 5 hours. In this reaction, alkylation to heterocyclic 
nitrogen (indole ring part) occurred other than at the target site. However, an oil component generated by adding ethyl 
acetate (50ml) and hexane (50ml) to the reaction solution was separated out by decantation. ethyl acetate (10ml) and 
isopropyl alcohol (5ml) were added to this oil, and the mixture was heated under reflux for 30 minutes, thereby allowing 
crystallization of only Compound lb. which was the product of interest where pyridine ring nitrogen is quaternary 
Amount: 2.8g. Yield: 60% 

(Synthesis of compound 1c) 

[0088] Compound lb (2.3g, 5mmol) was dissolved in a mixed solvent of pyridine (5ml) and acetic acid (2ml) Triethyl 
orthofomriate (1ml) and triethylamine (1ml) were added thereto and the mixture was reacted at 140°C for 1 hour. By. 
adding ethyl acetate (50ml) to the reaction solution, a solid containing Compound Ic was deposited. The solid was 
collected by filtration and was used for the following reaction without purification. 
Mass (post): 768 

(Synthesis of compound 1) 

[0089] The total amount of the above-mentioned unpurified Compound 1c was dissolved in methanol (10ml), tet- 

rahydrofuran (5ml) and water (10ml), 10% sodium hydroxide solution (5ml) was added thereto and then the mixture 

was reacted at room temperature for 30 minutes. After adding saturated sodium bicartjonate solution (10ml) to the 

reaction solution, the mixture was concentrated under vacuum to deposit the crude crystal of Compound 1 . The crude 

crystal was purified by gel filtration (SEPHADEX LH-20) to obtain Compound 1. 

Amount: 0.7g, Yield: 40% (from Compound lb) 

Mass (nega): 709 (M-Na) 

Absorption maximum (methanol): 634nm 

Molecular absorption coefficient: 1 90,000 

Synthesis example 2: Synthesis of Compound 4 

[0090] Compound 4 was synthesized in the same method as in Compound 1 , with the exception that Compound la 

was substituted with 5-(3-methoxyphenyl)-7-azaindolenine. 

Mass (nega): 769 (M-Na) 

Absorption nnaximum (methanol): 636nm 

Molecular absorption coefficient 190.000 

Synthesis example 3: Synthesis of Compound 9 

[0091] Compound 9 was synthesized in the same method as in Compound 1 , with the exception that Compound la 

was substituted with 5-benzofuranyl-7-azaindolenine. 

Mass (nega): 790 (M-Na) 

Absorption maximum (methanol): 658nm 

Molecular absorption coefficient: 200,000 

Synthesis example 4: Synthesis of Compound 6 

[0092] The synthesis scheme of Compound 6 Is shown below: 



24 



EP1 106 621 A2 




Be 6d 6 

(Synthesis of Compound 6b) 

[0093] Compound 6a (2.7g. lOmmol) was dissolved in acetone (10ml). iodomethane (4.3g, 30mmol) was added 
thereto, and the mixture was heated under reflux for 2 hours. The pale yellow crystal of Compound 6b, winch began 
to be deposited 1 hour after the start of the reaction, was filtrated by adding ethyl acetate (20ml) to obtain Compound 6b. 
Amount d.2g, Yield: 80% 
Mass (posi): 281 

(Synthesis of Compound 6c) 

[00941 CQmpaui:ul6b.(4.tg,. tOmmol)^ N,N'-dtpheaylfomiamidine (9.8g, SOmmol) and acetic anhydride (5ml) were 

mixed and reacted at 60*C for 1 hour, and then lOO'C for 3 hours. 

[0095] Ethyl acetate (50ml) was added to the reaction solution to deposit Compound 6c 

Amount: 3.3g, Yield: 60% 

Mass (posi): 426 

(Synthesis of compound 6d) 

[0096] Compound 6a (2,66g. lOmmi) was dissolved in dimethylformamide (10ml), and ethyl 6-bromohexanoate 
(5.9g. 30mmol) was added thereto followed by reaction at 120*C for 1 .5 hours. In this reaction, alkylation to heterocyclic 
nitrogen (indole ring part) occurred other than at the target site. However, an oil component generated by adding ethyl 
acetate (50ml) to the reaction solution, was separated out by decantatlon and crystallized with diethyl ether to obtain 
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only Compound 6d, which is the product of interest where pyridine ring nitrogen is quaternary. 
Amount 2.3g ; Yield: 60% 
Mass (posi): 380 

(Synthesis of compound 6) 

[0097] Compound 6c (2.769, Smmol) and Compound 6d (1 .9g, 5mmol) were dissolved in dimethylformamide (20ml), 

and triethylamine (2ml) was added thereto followed by reaction at room temperature for 30 minutes. 

[0098] The crude crystal of Compound 6 was deposited by adding ethyl acetate (30ml) to the reaction solution. 

[0099] The obtained crude crystal was purified by recrystallization from methanol to obtain Compound 6. 

Amount: I.Bg, Yield; 55% 

Mass (nega): 671 

Absorption maximum (methanol): 637nm 
Molecular absoiption coefficient: 190,000 

Synthesis example 5: Synthesis of Compound 7 

[0100] Compound 6 (0.67g, 1 mmol) was dissolved In dimethylfomiamide (2ml), and a sulfur rolioxidedimethylforma- 
mide complex (0.76g, Smmol) was added thereto followed by reaction at 90°C for 5 hours. Acetone (30ml) was added 
to the reaction solution to deposit the cmde crystal of Compound 7, which was collected by filtration. The crude crystal 
was dissolved in methanol, and potassium acetate (0,5g) was added to carry out a salt-fomiing reaction, whereby 
Compound 7 was deposited. 
Amount: 0.59g, Yield: 65% 
Mass (nega): 868 

Absorption maximum (methanol): 640nm 
Molecular absorption coefTicient : 190.000 

Synthesis example 6: Synthesis of Compound 10 

[0101] The synthesis scheme of Compound 10 is shown below: 
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10c 4 lOe 10 



(Synthesis of Compound 10b) 

[0102] Connpound 10a (2.76g, lOmmol) was dissolved in acetone (10ml). butanesultone (2.0g, 15mmol) was added 
thereto, and the mixture was heated under reflux for 5 hours to deposit Compound 1 0b. Ethyi acetate (20ml) was added 
thereto to collect the compound by filtration. 

Mass (posi): 412 
(Synthesis of Compound 10c) 

[0103] Compound 10b (4.1g, lOmmol), N.N'-diphenyfformamidine (9.8g, SOmmol) and acetic anhydride (5ml) were 
mixed and reacted at WC for 1 hour, and then at lOO'C for 3 hours. 

[0104] Ethyl acetate (50ml) was added to the reaction solution to deposit Compound 10c. Amount: 2.8g, Yield: 50% 
Mass (posi): 557 
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(Synthesis of Compound lOe) 

[01 05] Compound 1 0e was synthesized from compound 1 0d according to the method for the synthesis of Compound 
6d. 

Mass (posi): 380 
(Synthesis of Compound 10) 

{01 06] Compound 10c (2.79g, 5mmol) and Compound 6d (1 .9g. Smmol) were dissolved in dimethylfonnamide (20ml). 

Triethylamine (2ml) was added thereto and the mixture was reacted at room temperature for 30 minutes. 

[0107] By adding methyl acetate (30ml) to the reaction solution, the crude crystal of compound 10 was deposited. 

[01 08] The crude crystal was purified by recrystallization from the mixed solvent of methanol and chloroform to obtain 

Compound 10. 

Amount: 1.8g, Yield: 45% 

Mass (nega): 803 

Absorption maximum (methanol): 646nm 
Molecular absorption coefficient: 190.000 

Synthesis example 7: Synthesis of Compound 11 

[0109] Compound 10 (0.80g. Immol) was dissolved in dimethylfomiamide (2ml), and a sulfur rolioxidedimethylfor- 
mamide complex (0,46g, 3mmol) was added thereto followed by reaction at 90°C for 5 hours. Acetone (30ml) was 
added to the reaction solution to deposit crude crystal of Compound 11. which was collected by filtration. The crude 
crystal was dissolved in methanol, and potassium acetate (0.5g) was added to carry out a salt-f onning reaction, whereby 
Compound 11 was deposited. 
Amount: 0.46g. Yield: 50% 
Mass (nega): 882 

Absorption maximum (methanol): 648nm 
Molecular absorption coefficient: 190,000 

Synthesis example 8: Synthesis of Compound 12 

[0110] Compound 12 was synthesized according to the method for the synthesis of Compound 10 
Mass (nega): 803 

Absorption maximum (methanol): 646nm 
Molecular absorption coefficient 190.000 

Synthesis example 9: Synthesis of Compound 13 

[0111] Compound 13 was synthesized according to the method for the synthesis of Compound 11. 
Mass (nega): 882 

Absorption maximum (methanol): 648nm 
Molecular absorption coefficient: 190.000 

Synthesis example 10: Synthesis of Compound 14 

[0U2] Tha synthesis schemaot Cnmpoiind .14.i&sbawa beloMc. 
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NaOH 14 



(Synthesis of Compound 14b) 

[0113] Compound 14a (1.9g. lOmmol) was dissolved in acetone (10ml). iodomethane was added thereto, and the 
mixture was heated under reflux for 2 hours. The crystal deposited by adding methyl acetate (40ml) to the reaction 
soiutlon was collected by filtration to obtain Compound 14b. 
Amount: 4.0g, Yield: 85% 
Mass (posi): 349 

(Synthesis of Compound 14c) 

[01 1 4] Compound 1 4b (2.4g, 5mmol) was dissolved in a mixed solvent of pyridine (5ml) and acetic acid (2ml). Triethyl 
orthoformate (Iml) and triethylamine (1ml) were added and the mixture was reacted at 140''C for 1 hour. By adding 
ethyl acetate (50ml) and hexane (50ml) to the reaction solution, a solid containing Compound 14c was deposited. The 
solid was collected by filtration and was used for the following reaction without purification. 
Mass (posi): 708 

(Synthesis of compound 14) 

[0115] The total amount of the above unpurified Compound 14c was dissolved in methanol (10ml), tetrahydrofuran 

(5mi) and water (10ml). A solution of 10% sodium hydroxide (5ml) was added thereto and the mixture was reacted at 

room temperature for 2 hours. After adding saturated sodium bicarbonate solution (10ml) to the reaction solution, the 

taixtur& was ciinnpntratpri tipdfervaciuittLtfidApQgit thg.rjriiHA riycfrj^i rf^rnp^"n4 1 ^ Thft CTMrifi crystal was purified 

by gel filtration (SEPHADEX LH-20) to obtain Compound 14. 

Yield: 0.59g, Yield rate: 35% (from Compound 14b) 

Mass (nega): 650 (M-Na) 

Absorption maximum (methanol): 632nm 

Molecular absorption coefficient: 170,000 

Synthesis example 1 1 : Synthesis of Compound 1 7 

[01 16] The synthesis scheme of Compound 1 7 is shown below; 
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(Synthesis of Compound 17b) 

[01 17] Compound 17a (2.6g, 16.2mmol) was dissolved in acetone (10ml). ethyl 6-bromohexanoate (3.6g, 16.2mmol) 
was added thereto, and the mixture was heated under reflux for 5 hours. In this reaction, alkylation to heterocyclic 
nitrogen (indole ring part) occurred other than at the target site. However, an oil component generated by adding ethyl 
acetate (50ml) and hexane (50ml) to the reaction solution, was separated out by decantatlon, and ethyl acetate (10ml) 
and isopropyl alcohol (5ml) were added to this oil and the mixture was heated under reflux for 30 minutes thereby 
allowing crystallization of only Compound 1 7b, which is the product of interest where pyridine ring nitrogen is quaternary. 
Amount: 4.0g, yield: 65% 
Mass (posi): 337 

(Synthesis of compound 1 7c) 

[0118] Compound 17b (4.0g. 10.4mmol) was dissolved in a mixed solvent of pyridine (5ml) and acetic add (2ml). 
Triethyl orthofomiate (2ml) and triethylamine (0.5ml) were added thereto followed by reaction at 14a*C for 1 hour. By 
adding ethyl acetate (50ml) and hexane (50ml) to the reaction solution, a solid containing Compound 1 7c was deposited. 
The solid was collected by filtration and was used for the next reaction without purification, 
Mass (posi): 615 

(Synthesis of compound 17) 

[0119] The total amount of the above-mentioned unpurified Compound 17c was dissolved in methanol CtOmi). and 
water (10ml). A solution of 10% sodium hydroxide (5ml) was added thereto and the mixture was reacted at room 
temperature for 30 minutes. After adding a saturated sodium bicartwnate solution (10ml) to the reaction solution, the 
crude crystal of Compound 17 was deposited by vacuum concentration. The crude crystal was purified by gel filtration 
(SEPHADEX LH-20) to obtain Compound 17. 
Amount: 1.5g, Yield: 50% (from Compound 17b) 

H-NMR (DMSO-d6)6 ; 8.90 (t, 1H). 8.08 (d, 2H), 7.80 (d, 2H), 6.98 (t, 2H). 6.00 (d. 2H), 4.42 (t, 4H), 2.13 (t. 4H), 1.78 
(m, 4H), 1.58 (m. 4H), 1.37 (s, 12H). 1.12 (m. 4H) 
Absorption maximum (methanol): 609nm 
Molecular absorption coefficient 120,000 
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Synthesis example 12: Synthesis of Compound 18 

[0120] Compound 18 was synthesized in the same way as the method used for Compound 1, with the exception 

that Compound la was substituted with 5-(4-methyIphenyl)-7- azaindolenine. 

Mass (nega): 738 (M-Na) 

Absorption maximum (methanol): 636nm 

Molecular absorption coefficient 190.000 

Synthesis example 13: Synthesis of Compound 19 

[0121] Compound 18 was dissolved in concentrated sulfuric acid, and the mixture was reacted at 100°C for 30 
minutes. The reaction solution was cooled on ice. and the pH was adjusted to pH8 with 10% sodium hydroxide solution, 
followed by vacuum concentration. The obtained residue was purified with Sephadex LH20 three times to obtain Com- 
pound 19. 

Mass (nega): 942 (M-Na) 

Absorption maximum (methanol): 636nm 

Molecular absorption coefficient: 190,000 

Synthesis example 14: Synthesis of Compound 20 

[0122] Compound 20 was synthesized in the same way as the method used for Compound 6, with the exception 

that Compound 6a was substituted with 5-(4-methylphenyl)-7-azaindolenine, 

Mass (nega): 639 (M-Na) 

Absorption maximum (methanol): 636nm 

Molecular absorption coefficient; 190.000 

Synthesis example 15: Synthesis of Compound 21 

[0123] Compound 21 was synthesized in the same way as the method used for Compound 19, with the exception 

that Compound 18 was substituted with Compound 20. 

Mass (nega): 798 (M-K) 

At>sorption maximum (methanol): 638nm 

Molecular absorption coefficient: 195.000 

Synthesis example 16: Synthesis of Compound 22 

[0124] The synthesis scheme of Compound 22 is shown below: 
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22d + 10c ^ 11 



(Synthesis of Compound 22b) 

[0125] Compound 22a (S.Og. 19mmol) was dissolved in 47% hydrogen bromide in water (SOmI), and the mixture 
was heated under reflux for 3 hours. After the reaction solution was cooled to room temperature, water was added 
thereto to crystallize Compound 22b. 
Amount: 3.8g, Yield: 80% 
Mass (posi): 2S3 (M+H) 

(Synthesis of Compound 22c) 

[01 26] Com pound 22b (3.0g, 1 2mmol) was dissolved in dlmethyifonnamide (30ml), and while cooling with Ice. 62.5% 
sodium hydride (0.46g, 12mmol) and propanesultone (1.5g, 12mmol) were added thereto followed by a reaction for 1 
hour. Ethyl acetate and isopropyl alcohol were added to the reaction solution to crystallize Compound 22c. 
Amount: 4.4g, Yield: 93% 
Mass (nega): 373 (M-Na) 

(Synthesis of Compound 22d) 

[0127] Compound 22c (S.Og, 7.6mmol) was dissolved in dimethylfomriamide (5 ml), and ethyl 6-bromohexanoate 
(3.3g, ISmmol) was added thereto followed by reaction at 120*C for 6 hours. In this reaction, alkylation to heterocyclic 
nitrogen (indole ring part) occun-ed other than at the target site. However, isopropyl alcohol (5ml) was added to the 
reaction solution and the mixture was heated under reflux for 30 minutes, thereby allowing crystallization of only Com- 
pound 22d, which was the product of interest where pyridine ring nitrogen is quaternary. 
Amount 2.8g, yield: 72% 
Mass (posi): 488 (M-Na) 

(Synthesis of Compound 22) 

[0128] Comfx>und 10c (2.79g, 5mmol) and Compound 22d (2.6g. Smmol) were dissolved in dimethylformamide 
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(100ml), and triethylamine (2ml) was added thereto followed by reaction at 40^0 for 1 hour. 
[0129] Ethyl acetate (30ml) was added to the reaction solution to deposit the crude crystal of Compound 22. 
[0130] The obtained crude crystal was purified by recrystallization from a mixed solvent of methanol and chloroform 
to obtained Compound 22. 
5 Amount 1.8g, Yield: 40% 
Mass (nega): 910 (M-Na) 
Absorption maximum (methanol): 648nm 
Molecular absorption coefficient: 195.000 

10 Example 1 : Synthesis of a Compound 1 7-dUTP conjugate 

[0131] 5 mg (2.5 parts) of Compound 17 was dissolved in 0.1 M MES buffer (2ml). then 3.66mg (5 parts) of WSC 
hydrochloride and 4.20mg (5 parts) of Sulfo-NHS were added thereto followed by stimng at room temperature for 15 
minutes. After adding thereto 2.2mg of aminpallyl-dUTP (Sigma) dissolved in 200 ^il of 0.1 M MES buffer, a reaction 
^5 was canied out at room temperature for 2 hours. After adding 1 00 ^1 of 1 M Tris buffer (pH7.5) and stopping the reaction, 
the obtained reaction solution was absorbed on a column In which 8g of CDS silica (YMC-ODS-AQ 120 A) was previ- 
ously filled, and was eluted with 30% methanol solution. After the eluant is concentrated, it was further purified by 
intemnedtate pressure preparative chromatography (YAMAZEN Ultrapack ODS-S-40B) to obtain a product of interest 
with 95% purity (Tield: 71%). MS analysis value: M- 1128 

20 




40 

Example 2: Synthesis of a Compound 14-dUTP conjugate 

[0132] 5.6mg (2.5 parts) of Compound 14 was dissolved in 200 \i\ of DMSO, then 3.1mg (5 parts) of WSC hydro- 
chloride and 3.55mg (5 parts) of Sulfo-NHS were added thereto followed by stirring at room temperature for 1 5 minutes. 

<5 After adding thereto 2.2mg of aminoallyi-dUTP (Sigma) dissolved in 2mi of 0.1 M MES buffer, a reaction was carried 
out at room temperature for 2 hours. After adding 1 00 |il of 1 M Tris buffer (pH7,5) and stopping the reaction, the obtained 
reac^on solution was absorbed on a column in which 8g of ODS silica CYMC-ODS-AQ 120A) was previously fiiled,.and 
was eluted with 45% methanol solution. After the cluant is concentrated, it was further purified by intenmediate pressure 
preparative chromatography (YAMAZEN Ultrapack ODS-S-40B) to obtain a product of interest with 94% purity (Yield: 

so 66%). MS analysis value: M- 1206 

Example 3: Synthesis of a Compound 1-dUTP conjugate 

[0133] 6.00mg (2.5 parts) of Compound 1 was dissolved in 200 fil of DMSO, then 3.1mg (5 parts) of WSC hydro- 
ps chloride and 3.55mg (5 parts) of Sulfo-NHS were added thereto followed by stirring at room temperature for 30 minutes. 
After adding thereto 2.2mg of aminoallyl-dUTP (Sigma) dissolved in 2ml of 0.1 M MES buffer, a reaction was earned 
out at room temperature for 2 hours. After adding 1 00 jil of 1 M Tris buffer (pH7.5) and stopping the reaction, the obtained 
reaction solution was absort>ed on a column in which 8g of ODS silica (YMC-ODS-AQ 120A) was previously filled, and 
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was eluted M/ith 50% methanol solution. After the eluant is concentrated, it was further purified by intennediate pressure 
preparative chromatography (YAMAZEN Ultrapack ODS-S-40B) to obtain a product of interest with 92% purity (Yield: 
74%). 

MS analyse value: M- 1266 

5 

Example 4: Synthesis of a Cmpound 10-dUTP conjugate 

[0134] 327mg (1 .0 part) of Compound 10 was dissolved in 200 |il of DMSO, then 0.76mg (1.1 parts) of WSC hydro- 
chloride and 0.86mg (1.1 parts) of Sulfo-NHS were added thereto followed by stirring at room temperature for 30 

10 minutes. After adding thereto 2.2mg of aminoallyl-dUTP (Sigma) dissolved in 2ml of 0.1 M MES buffer, a reaction was 
canied out at room temperature for 2 hours. After adding 100 jil of 1M Tris buffer (pH7.5) and stopping the reaction, 
the obtained reaction solution was absorbed on a column in which 8g of ODS silica (YMC-ODS-AQ 120A) was previ- 
ously filled, and was eluted with 40% methanol solution. After the eluant is concentrated, it was further purified by 
intemiediate pressure preparative chromatography (YAMAZEN Ultrapack ODS-S-40B) to obtain a product of interest 

15 with 95% purity (Yield: 77%). 
MS analysis value: M- 1359 

Example 5: Synthesis of a Compound 19-dUTP conjugate 

20 [0135] 1 .OOmg (1.0 part) of Compound 19 was dissolved in 300 \i\ of 0.1M MES buffer, then 0.44mg (2.2 parts) of 
WSC hydrochloride and O.SOmg (2.2 parts) of Sulfo-NHS were added thereto followed by stirring at room temperature 
for 60 minutes. After adding 0.25mg (0.4 parts) of aminoailyl-dUTP (Sigma) and 300 ^1 of 1 M carbonate buffer (pH9.0) 
thereto, a reaction was carried out at room temperature overnight. After adding 100 ^1 of 1M Tris buffer (pH7.5) and 
stopping the reaction, the obtained reaction solution was purified by a intermediate pressure preparative chromatog- 

25 raphy (YAWAZEN Ultrapack ODS'S-40B) to obtain a product of interest with 90% purity (Yield; 62%). 
MS analysis value; M- 1513 

Example 6: Synthesis of a Compound 22-dUTP conjugate 

30 [0136] 1 .OOmg (1.0 part) of Compound 22 was dissolved in 300 nl of 0.1M MES buffer, then 0,23mg (1.1 parts) of 
WSC hydrochloride and 0.26mg (1 . 1 parts) of Sulfo-NHS were added thereto followed by stirring at room temperature 
for 60 minutes. After adding 0.66mg (1 .0 part) of aminoallyl-dUTP (Sigma) and 300 fi! of 1 M carbonate buffer (pH9.0) 
thereto, a reaction was carried out at room temperature overnight. After adding 100 fil of 1M Tris buffer (pH7.5) and 
stopping the reaction, the obtained reaction solution was purified by intermediate pressure preparative chromatography 

35 (YAMAZEN Ultrapack ODS-S-40B) to obtain a product of interest with 96% purity (Yield: 44%). 
MS analysis value: M- 1503 

Use Example 1: Preparation of fluorescence-labeled DNAprobe by transcription 

^ [0137] Human liver mRNA (Clontech) (0,5 ^ig) and oligo dT primers (dT^8-2i» ^'^co BRL) (0.5 ^ig) were mixed, heated 
at 70^C for 10 minutes, and quenched on ice. To this mixture, RNaseOUT (Gibco BRL) (40U), dATP (500 fiM), dGTP 
(500 \lM), dCTP (500 jiM). dTTP (200 ^iM), the Compound 17-dUTP conjugate obtained in Example 1(100 jxM). Su- 
perScriptll reverse transcriptase (Gibco BRL) (400U) and DEPC-treated water (to total amount of 20 ^1) were added, 
and the mixture was reacted at 42**C for 2 hours. After the reaction, EDTA and NaOH were added thereto and incubated 

^ at 65''C for 1 hour so as to stop the reaction and decompose mRt4A. The reaction solution was introduced into CentriSep 
column (PFINCETON SEPARATION, INC) and unreacted Compound 1 7-dUTP conjugate or the like were removed to 
purify the product . 

[0138] As a control, the reverse transcription reaction was carried out in the same way as stated above using a 
control fluorescent nucleotide (Cy5-AP3-dUTP; Amersham Phamriacia Biotech) labeled with a dye (Cy5) instead of a 

so Compound 1 7-dUTP conjugate, and the obtained reaction product was purified. 

[0139] After the purification, each of the reaction solutions was subjected to agarose gel electrophoresis. The gel 
was stained with SYBR Green II (Molecular Probes), and was scanned by FLA2000 (Fuji Photo Rim Co., Ltd.). As a 
result, it was found that a more intense and sharper fluorescence was generated with the Compound 17-dUTP conju- 
gate of the present invention than with the control sample. 

55 [0140] Furthermore, fluorescence intensity was measured by a fluorometer, and the amount of DNA was measured 
at an absorbance of 260nm. From these results, both of the uptake rate and the fluorescence intensity per 1 ^iM of the 
probe were calculated. The results are shown in Table 1. As shown in Table 1, in the case where the Compound 
17-dUTP conjugate of the present invention was used, both of the uptake rate and the fluorescence intensity were 
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higher. 



Table 1 



Fluorescent Dye 


Uptake Rate (Dye/1 kb) 


Fluorescence Intensity (^iM) 


Compound 17-dUTP Conjugate 


4 


5,000 


Cy5-AP3-dUTP (control sample) 


2 


1.000 



[0141] Use Example 2: Preparation of a fluorescent dye-labeled DNA probe by PCR 
[01 42] Composition of PCR reaction solution: 

Template DNA: lOpg 
Primers and 2: 0.5 \ifA each 
dATP, dGTP. dCTP: 200 jiM each 
dTTP: 150 |iM each 

Compound 1 7-dUTP conjugate or Cy5-AP3-dUTP: 50 \iM 
Pyrobest DNA polymerase (TAKARA): 0.5 units 
Distilled water to total amount of 20 ^1 

[0143] Note: As a template DNA. pCR-ScriptTrnSK(+) (STRATAGENE) into which a -2-HS-glicoprotein gene was 
integrated, was used, and each sequence of primers 1 and 2 was respectively tggccgcctt caacgctcag (SEQ ID NO: 1 
in the sequence listing) and icaggcactt tcattaacag gcacat (SEQ ID NO: 2 in the sequence listing). 
[01 44] Using the solution of the above composition as a PCR reaction solution, a cyde of 94'^C for 30 seconds, 60° C 
for 30 seconds and 72°C for 30 seconds was repeated 30 times for the PCR reaction. The reaction solution was 
transferred to a CentriSep column (PRINCETON SEPARATION, INC), and unreacted fluorescent nucleotides and the 
like were removed to purify the product. After purification, the reaction solution was subjected to agarose gel electro- 
phoresis. The gel was stained with SYBR Green II (Molecular Probes) and was scanned by FLA2000 (Fuji Photo Film 
Co., Ltd.). As a result, it was found that more Intense and sharper fluorescence was generated with the Compound 
17-dUTP conjugate of the present invention than with the control sample. 

[0145] Furthermore, fluorescence intensity was measured by a fluorometer, and the amount of DNA was measured 
at an absori^ance of 260nm. From these results, both of the uptake rate and the fluorescence intensity per 1 \LhA of the 
probe were calculated. The results are shown in Table 2 As shown in Table 2, in the case where the Compound 1 7-dUTP 
conjugate of the present invention was used, both of the uptake rate and the fluorescence intensity were higher. 



Table 2 



Fluorescent Dye 


Uptake Rate (Dye/1 kb) 


Fluorescence Intensity 


Compound 17-dUTP Conjugate 


30 


5,000 


Cy5-AP3-dUTP (control sample) 


10 


1.000 



Example 7: Synthesis of a streptavidin-Compound 1 conjugate 

1 . Activation of fluorescent dye 

[0146] To 100 of DMSO solution containing 24mg/ml of Compound 1 were successively added 31 of DMSO 
solution containing 48mg/ml of WSC (Wako Pure Chemical Industries, Ltd.) and 36 ^1 of DMSO solution containing 
48mg/ml of sufoNHS (Dojin Do Laboratories), and the mixture was stirred at room temperature for 1 hour. 

2. Synthesis of a streptavkJin-Compound 1 conjugate 

[0147] To 300 pJ of lOOnM carbonate buffer (pH8.3) containing 4mg/ml of streptavidin (Wako Pure Chemical Indus- 
tries, Ltd.) was added 83 fil of the above-prepared activated form of the fluorescent dye (Compound 1 ), and the mixture 
was stined at room temperature for 1 hour. This reaction solution was subjected to gel filtration using 1 0OmM phosphate 
buffer (pH7.5) of NAP25 (Pharmacia) to remove unreacted fluorescent dye. 
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Example 8: Synthesis of a streptavidin-Compound 10 conjugate 

1 . Activation of fluorescent dye 

5 [0148] To 100 nl of DMSO solution containing 24mg/nii of Compound 10 were successively added 29 jil of DMSO 
solution containing 48mg/ml of WSC (Wako Pure Chemical Industries, Ltd.) and 33 ^ of DMSO solution containing 
48mg/ml sufoNHS (Dojin Chemicals, Co.), and the mixture was stirred at room temperature for 1 hour. 

2. Synthesis of streptavidin and fluorescent dye 

10 

[0149] To 300 ^1 of lOOnM carbonate buffer (pH8.3) containing 4mg/ml of streptavidin (Wako Pure Chemical Indus- 
tries, Ltd.) was added 83 p.1 of the above-prepared activated form of the fluorescent dye (compound 1 0), and the mixture 
was stirred at room temperature for 1 hour. This reaction solution was subjected to gel filtration using 1 0OmM phosphate 
buffer (pH7.5) of NAP25 (Pharmacia) to remove unreacted fluorescent dye. 

15 

Example 9: Synthesis of a streptavidin-Compound 14 conjugate 

1 . Activation of fluorescent dye 

20 [0150] To 100 |il of DMSO solution containing 12mg/ml of Compound 14 were successively added 16 pJ of DMSO 
solution containing 48mg/ml WSC (Wako Pure Chemical Industries, Ltd.) and 17 ^1 of DMSO solution containing 48mg/ 
ml of sufoNHS (Dojin Chemrcals Co.). and the mixture was stin'ed at room temperature for 1 hour. 

2. Synthesis of streptavidin and fluorescent dye 

25 

[0151] To 150 ^il of lOOnM carbonate buffer (pH8.3) containing 4mg/ml of streptavidin (Wako Pure Chemical Indus- 
tries, Ltd.) was added 40 ^ of the above-prepared activated form of the fluorescent dye (Compound 14). and the 
mixture was stirred at room temperature for 1 hour. This rea(^on solution was subjected to gel filtration using lOOmM 
phosphate buffer (pH7.5) of NAP25 (Pharmacia) to remove unreacted fluorescent dye. 

30 

Example 10: Confirmation of a streptavidin-fluorescent dye conjugate 

[0152] Using the streptavidin-Compound 14 conjugate synthesized in Example 9, the conjugation of streptavidin to 

Compound 14 was confirmed as follows. 
35 [0153] Spreptoavidin (2.5 (ig), a streptavidin-Compound 14 conjugate (3.6 ^g) and a molecular weight marker (1.7 

^g) were subjected to SDS-PAGE electrophoresis in accordance with standard techniques. The gel was scanned by 

FLA2000 (Fuji Photo Rim Co., Ltd.) to measure fluorescence. As a result, in the lane where the streptavidin-Compound 

14 conjugate was electrophoresed, fluorescent bands were detected at the positions of about 1 5kDa and about 30kDa. 

It is known that spreptoavidin is a tetrameric protein where 4 subunits are assembled and has a molecular weight of 
^ about 60kDa. It is considered that each of about 15kDa and about 30 kDa bands, detected as above, respectively 

correspond to monomeric and dimeric subunits. 

[0154] The same gel was stained with cyproorange to detect protein. As a result, In the lane of a streptavidin-Com- 
pound 14 conjugate, fluorescent bands were detected at the positions of about 15kDa and about 30kDa. 
[0155] From the above results, it is found that a streptavkJin-Compound 14 conjugate which is fluorescent was syn- 
45 thesized. 

Use Example 3 

[0156] Each of 2- to 512-fold diluted solutions (1 ^1) obtained by diluting various biotin-labcled PCR products (20, 
50 200, 500, 1,000 and 1,500bp (40ng/ml each)) encoding a-2-HS-glycoprotein was spotted to a nylon membrane (Hy- 
bond/Amersham phamiacia), air-dried, and UV-crosslinked. The membrane was washed and blocked with DlGWash 
and Block Set (Roche). Then, the membrane was impregnated with avidin-fluorescent dye (protein concentration: 3 
(ig/ml) which was prepared in Example 7, and was left at room temperature for 30 minutes. After washing with the 
above washing solution, the membrane was scanned by FLA2000 (Fuji Photo Film Co., Ltd.) to measure the fluores- 
55 cence. 

[0157] The results are shown in Figure 1 . 

[0158] As shown in Rgure 1 , fluorescent intensity dependent on the amount of the target nucleic acid (PCR product), 
was observed. From use example 3, it was confirmed that the use of the fluorescent streptavidin of the present invention 



36 



EP 1 106 621 A2 

enables detection and quantification of the target substance. 
Industrial Applicability 

[0159] The fluorescent nucleotide of the present invention is a novel substance, Since both of its uptake rate during 
DNA synthesis and its fluorescence intensity after uptake are excellent, it is useful as a labeling substance for nucleic 
■ acids. The fluorescent avidin of the present invention is a novel substance, and is useful as a reagent for analyzing 
biological components such as nudeic acids, proteins or sugars. 

SEQUENCE USTTNG 

<1I0> Fbji Photo FOm Co.Ud, 

<120> Fluorescent Substances 

<a30> FAD173A 

<160>2 

<210> 1 

<211> 20 

<212> DNA 

<213> Artificial DNA 

<400> 1 

tggccgcctt caacgctcag 20 

<210> 2 

<211> 26 

<212> DNA 

<213> Artificial DNA 

<40Q>2 

tcaggcacti tcatlaacag gcacat 26 
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Annex to the application documents - subsequently filed sequences listing 
[0160] 



SEQUENCE LISTING 

<110> Fuji Photo Film Co., Ltd. 

<120> Fluorescent Substances 

<130> 11261 

<140> EP 0012$447.2 
<141> 2000-12-06 

<150> JP 347886/1999 
<151> 1999-12-07 

.<150> JP 348015/1999 
<151>* 1999-12-07 

<160> 2 

m 

<170> Patentin Ver. 2.1 
<210> 1 

<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 1 

tggccgcctt caacgctcag 

<ZXQ> 2. 
<211> 26 
<212> DNA 

<213> Artificial Sequence 

• 

■ • 

<220> 

<223> Description of Artificial Sequence: Primer 
<400> 2 

tcaggcactt tcattaacag gcacat 
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Claims 

1. A fluorescent substance which is represented by a formula: A - B- C 

wherein A is a residue of natural or synthetic nucleotide, oligonucleotide, polynucleotide, or derivative thereof, and 
binds to B at a base moiety in said residue, or A Is a residue of avidin or streptavidin; 

8 is a divalent linking group or a single bond; and 

C is a monovalent group derived from a general formula (I) and binds to 6 at a reactive group present in or R^: 




wherein R^ and R^ each independently represent an alkyi group that may be substituted with a reactive group 
capable of covalently bonding to A-B-; R3 R*. R^ and R® each Independently represent an alkyI group, and 
R3 and R^, and/or R^ and R® may bind to each other to fomi a saturated carbon-ring together with a cartK>n 

atom(s) to which they bind; V\ V2, V^, V^, v^, V^. V^, V^^ and V^^ each independently represent a hydrogen 
atom or a monovalent substituent. and two adjacent groups thereof may bind to form a ring; U, L^, and 
represent a substituted or unsubstituted methine group; each of m, n, s, and t represents 0 or 1 , provided that 
m + n = 1 and s + 1 = 1 ; p represents 1 , 2, or 3; M represents a counter Ion; and q represents a number required 
to neutralize the charge of a molecule. 

2. The fluorescent substance according to daim 1. wherein at least one of R^ and R^ is an alkyI group substituted 
with an active ester group capable of covalently bonding to an amino group, a hydroxy! group or a thiol group which 
is present in the group represented by A-B-. 

3. The fluorescent substance according to claim 1, wherein at least one of R^ and R^ is an alkyI group substituted 
with a carboxyl group. 

4. The fluorescent substance according to claim 1, wherein A is a residue of natural or synthetic nucleotide, oligo- 
nucleotide, or polynucleotide or derivative thereof. 

5. The fluorescent substance according to daim 1 , wherein A is a residue of nudeotide or derivative thereof. 

6. The fluorescent substance according to claim 1, wherein A is a residue of natural or synthetic nucleotide or deriv- 
ative thereof, which are selected from the group consisting of: (1) nucleotides consisting of AMP, ADP, ATP, GMP, 
GDP. OTP. CMP. CDP, CTP. UMP. UDP UTP, TMP, TDP, TTP, 2-Me-AMP, 2-Me-ADP, 2-Me-ATP, 1-Me-GMP, 1-Me- 
GDP, 1-Me-GTP. 5-Me-CMP. 5-Me-CDP. 5-Me-CTP. 5-MeO-CMP, 5-MeO-CDP, and 5-MeOCTP; (2) deoxynude- 
otides anddidfioxyiuicteQtidfiacQrrespQnding^tasaidoudcQtidfis; and (3) derivatives derived from said nudeotldes 
as described in (1) and (2). 

7. The fluorescent substartce according to daim 1 , wherein A Is a residue of avidin or streptavidin. 

8. The fluorescent substance according to claim 1 , wherein B is a linking group selected from -CHg-. -CH=:CH-, -C. 
C-, -CO-, -0-, -S-, -NH- or combinations thereof, wherein a hydrogen atom on the linking group may be further 
substituted with a substituent 

9. The fluorescent substance according to daim 1 , wherein B is an aminoallyt group. 

10. A process of preparing fluorescence-labeled nucleic acids which comprises the step of coriductlng a reaction of 
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the synthesis of nucleic acid by using nucleic acid synthetase, a nucleic acid as a template, and the fluorescent 
substance according to claim 4. 

11. The method according to claim 10, wherein the reaction of the synthesis of nucleic add is a reaction selected from 
the group consisting of a reverse transcription reaction, a terminal transferase reaction, a random prime method, 
a PCR method, and a nick-translation method. 

12. A nucleic acid probe or primer which is labeled with the fluorescent substance according to claim 4. 

13. A diagnostic agent or a reagent for detecting nucleic adds, which comprises the fluorescent substance according 
to daim 4. 

14. A kit for detecting nucleic adds, which comprises (1) the fluorescent substance according to daim 4, (2) a nudek) 
add synthetase, and (3) a buffer. 

15. An analytical reagent or a diagnostic agent consisting of the fluorescent substance according to daim 7. 

16. An analytical kit, which comprises (1) the fluorescent substance according to daim 7, and (2) biotin or a biotin- 
labeled substance. 
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Fig.l 
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